ABSTRACT Despite the successful use of universal primers for amplifying insect mtDNA, speciÞc regions remain difÞcult to recover and demand the use of taxon-speciÞc primers. In this work, we describe a new set of primers for efÞciently amplifying and sequencing the mtDNA control region and three tRNA gene clusters of dipterans of medical and veterinary importance, including Muscidae, Calliphoridae, and Oestridae species. These new primers were useful for investigating the nucleotide information and the structural organization of dipteran mtDNA.
Animal mitochondrial DNA (mtDNA) has been widely used as a molecular marker in evolutionary studies (Boore 1999) . A compilation of conserved polymerase chain reaction primers described by Simon et al. (1994) provided a useful tool to assess regions of insect mtDNA. However, there are mtDNA regions that are poorly covered by the conserved insect primers, particularly tRNA gene clusters and the control region (or AϩT-rich region). In this report, we describe a new set of primers that are useful for amplifying 1) the control region (CR); 2) the CR-ßanking genes, tRNA , and tRNA Trp (YCW); and 4) the main tRNA cluster of mtDNA (FES2NRA). This set of primers was designed to amplify the mtDNA of important medical and veterinary dipterans, such as the horn ßy, Haematobia irritans (L.); the house ßy, Musca domestica (L.); the stable ßy, Stomoxys calcitrans (L.); Atherigona orientalis (Schiner); Ophyra aenescens (Wiedemann); (Muscidae) the screwworm, Cochliomyia hominivorax (Coquerel); the blowßies Chrysomya albiceps (Wiedemann), Chrysomya chloropyga (Wiedemann), and Chrysomya megacephala (F.) (Calliphoridae); and the botßy, Dermatobia hominis (L., Jr.) (Oestridae) ( Table 1) .
Materials and Methods
In addition to preliminary sequence data for H. irritans, S. calcitrans, and M. domestica mtDNA, the homologous regions from the ND2, ND3, ND5, and 12S rRNA genes of dipterans available in GenBank (www.ncbi.nlm.nih.gov) were aligned using Clustal X (Thompson et al. 1997) . The candidate primers were selected based on conserved aligned regions, except for the primers TI-N-21 and TI-J-38, which were speciÞcally designed based on H. irritans sequences. The structural stabilities and thermodynamic properties of all candidate primers were analyzed using Gene Runner software (Hastings Software Inc., Hastings on Hudson, NY). Detailed information for the eight primers reported here is given in Fig. 1 .
Total DNA from individual dipterans was extracted according to Infante-Vargas and Azeredo-Espin (1995) , with volumes adapted for microcentrifuge tubes. Polymerase chain reaction (PCR) was done using a PTC-200 thermocycler (MJ Research, Watertown, MA), with the following conditions: 1 l of total DNA was used in a 25-l reaction with 1.25 U of TaqDNA polymerase (Invitrogen, Carlsbad, CA), 200 M of each dNTP, 1.5 mM MgCl 2 , and 500 nM of each primer. After an initial denaturation step at 95ЊC for 5 min, 35 cycles were run, each consisting of melting at 95ЊC for 1 min, annealing at 45Ð52ЊC for 1 min, and extension at 60ЊC for 2 min. A Þnal extension step was run at 60ЊC for 5 min. When appropriate, the puriÞed PCR products were directly sequenced with BigDye Terminator version 3.1 cycle sequencing kit and analyzed in an ABI 377 automated DNA sequencer (Applied Biosystems, Foster City, CA), except for H. irritans amplicons, which were cloned before sequencing. The cloning reactions were done using a TA cloning kit (Invitrogen), according to the manufacturerÕs speciÞcations.
Results and Discussion
The primers N2-N-327, SR-J-14941, and TI-N-21 were designed to provide an efÞcient ampliÞcation of the mtDNA CR. The primer N2-N-327 is perhaps the most conserved, versatile, and structurally stable primer of this newly described set. In combination with 12S-annealing primers, the N2-N-327 primer provides an alternative for amplifying CR sequences instead of using tRNA-annealing primers. This strategy is particularly useful for the ampliÞcation of Chrysomya mtDNA, because many species of this genus present two tRNA Ile copies (Lessinger et al. 2004 ). In addition, tRNA genes adjacent to the CR are frequently involved in structural rearrangements (Boore 1999) , and this may contribute to failures in amplifying the CR in species where the mtDNA gene order is unknown. The primer SR-J-14941 is the complementary-reverse sequence of the primer SR-N-14922 (Simon et al. 1994) , shifted 2 bp downstream. This primer is located at the 3Ј end of the 12S rRNA gene (Fig. 1A) and is very useful for improved sequencing of the 3Ј end of the CR.
The CR sequences of H. irritans samples from six localities in South America and one in Asia (Table 1) also could be ampliÞed by combining the primers SR-J-14941 and TI-N-21 (instead of N2-N-327) to extend the CR 5Ј end sequencing data. The H. irritans CR was completely sequenced for eight samples (Table 1 ; GenBank accession numbers AY929377ÐAY929384) and ranged from 1256 to 1704 bp. The structural organization of H. irritans CR resembles that of myiasiscausing ßies (Lessinger and Azeredo-Espin 2000) .
We designed new primers to allow a better assessment of the tRNA clusters MQI, YCW, and FES2NRA. The primer N2-N-327, when combined with the new primers TI-J-42 or TI-J-38 described here, efÞciently ampliÞed the MQI gene cluster (Ϸ300 bp). These new primers are the complementary-reverse sequences of the TI-N-24 (Simon et al. 1994 ) and TI-N-21 (speciÞc for the H. irritans sequence) primers, respectively. We recommend caution when using the primer TI-J-42 for ampliÞcations of Chrysomya mtDNA because of the presence of two tRNA
Ile copies in the mtDNA of species of this genus (Lessinger et al. 2004 ).
The newly described primers TI-J-42 and TI-J-38 were used in combination with the primers C1-N-1560 and C1-N-2191 (Simon et al. 1994 ) to amplify and sequence the tRNA gene cluster YCW. The primer C1-N-1560 failed to amplify the YCW region of calliphorid and oestrid species, but worked well in amplifying muscid mtDNA. The homologous regions of H. irritans, M. domestica, A. orientalis, C. hominivorax, and D. hominis were successfully ampliÞed using TI-J-42 (TI-J-38 in H. irritans) and C1-N-2191 (Simon et al. 1994 ) and provided an Ϸ2000-bp PCR product, including the ND2 gene.
To amplify and sequence the FES2NRA gene cluster of H. irritans, M. domestica, and S. calcitrans, we designed the primers N3-J-5945, N5-N-6554, and N5-N-6647. PCR provided well-resolved amplicons of Ϸ650 and 750 bp. These primers were successfully used to amplify the homologous regions of all species analyzed (Table 1) .
Based on our preliminary analysis of restriction fragment-length polymorphism proÞles and sequencing multiple clones, we feel that the primers described here amplify original mtDNA, but we encourage others to validate the amplicons retrieved by these primers before proceeding with any extensive study of a given dipteran species. Contamination of ampliÞcation reactions with nuclear copies of mitochondrial genes (NUMTs) is a widespread phenomenon that has not been described in Diptera (Blanchard and Schmidt 1996 , Zhang and Hewitt 1996 , Bensasson et al. 2000 . To avoid the possible ampliÞ-cation of NUMTs, we suggest that ampliÞcation of the entire mitochondrial genome by long-PCR (Barau et al. 2005) should be used as the template for nested PCR with the primers described here. Because the insertion of large mitochondrial sequences (Ϸ8 Ð9 kb) in the nuclear genome is a rare event (Zhang and Hewitt 1996) , this strategy could provide reliable results. NR, reactions not recommended. a Region ampliÞed using primers TI-N-21 ϩ SR-J-14941 (H. irritans), and N2-N-327 ϩ SR-J-14941 (all species).
b Region ampliÞed using primers N2-N-327 ϩ TI-J-42 (or TI-J-38 for H. irritans).
c Region ampliÞed using primers C1-N-2191 ϩ TI-J-42 (or TI-J-38 for H. irritans).
d Region ampliÞed using primers N5-N-6554 ϩ N3-J-5945 and N5-N-6647 ϩ N3-J-5945.
e Not tested. f No ampliÞcation. Simon et al. (1994) . Target regions are shown in thick bars and include the control region (CR), the CR-ßanking tRNA genes (MQI), the YCW tRNA gene cluster (YCW), and the main mtDNA tRNA cluster (FES2NRA). The relative positions of the mtDNA primers described in this study ‫)ء(‬ and the primers described by Simon et al. (1994) are given. (B) Primer sequences (5Ј to 3Ј), length (nt, nucleotides), and alignment of homologous regions in other dipteran species. Complementary-reverse sequences are indicated by C/R. The following symbols were used in the degenerated primers N5-N-6554 and N5-N-6647: W, A/T and R, A/G. Dots in the alignments indicate identical sites. The complete mitochondrial genomes available in GenBank, in addition to preliminary sequence data for Muscidae species, were included in the primer alignments. Sequences providing lowconÞdence alignments were excluded from the comparative analysis. The GenBank accession numbers for the C. hominivorax, C. putoria, D. hominis, Drosophila yakuba (Miyake), Ceratitis capitata (Weidemann), and Anopheles gambiae (Giles) mtDNA sequences are NC_002660, NC_002697, NC_006378, NC_001322, NC_000857, and NC_002084, respectively.
In conclusion, eight new primers, which can be efÞciently combined with "universal" insect mtDNA primers (Simon et al. 1994) , have been developed and evaluated for their usefulness in amplifying four mtDNA regions of muscid, calliphorid, and oestrid species. These primers may be useful for Diptera and may provide informative molecular markers as well as information on the structural diversity of dipteran mitochondrial genomes.
